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THE 2PP3CT 0? iURPAOE JrO.t 23 3T ALIMINUM ALLOY 

OUBJECJTED TO HJPEATED TEN3ILE STHE33E.. /.JC/3 x PROPOOTION/xL 

U.;:iT 

SaiilAHY 

Fatigua tasts wore conduoted on 34 speclinons of 23 ST olurainun 
alloy for the purpose of determining the effect of ourface roufjJinoos 
on the fatigue life of the material when subjected to constant re- 
peated tensile stresses above the proportional ILmit. In addition, 
the basic stress vs. cycle o'orvo for 23 3T aluminuTi alloy was ex- 
tended to include the range of cycles below 100,000. 

A machine capable of applying repeated pure tension loads at the 
rate of 32 cycles per minute, without shook but with a high rate of 
loading, was used to obtain the data. 

It was found that the rate of build-up and the duration of the 
impulse created an equivalent static load -equal to the peak of the 
impulse loading* 

For the material tested, it was found that as* the surf see rough- 
ness increased from 3 ^ to 200 ^ , the life expectancy of the alloy 
in general was reduced. However, the experimental results revealed 
a larger degree of scatter in the cyclic range below 40*000 cycles 
as opposed to the relatively consistent data obtained at tlxo higher 
cycles. Therefore, no general conclusions could bo ascertained as to 
the effect of roughness on the fatigue life of the material in the 
high stress region. 
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I. INTHODUOTICN 



The puz*pose of this InTeatlgatlon Is to determine the effect 
of roughness on the fatigue strength of 25 ^ aluminum alloy In the 
range of cycles between 5^0 and 100,000. 

Patlgue-strength curves for aluminum alloys ordinarily cover 
a range of cycles starting at 50t000 to 100,000 and extending to 
approximately Since aluminum alloys have wide appli- 

cations in industry, much useful engineering information would be 
obtained by extending those curves to include the lower cyclic range. 
Many aircraft structural members, such as parts of tho landing gear 
assembly, are subjected to tensllo stresses in the cyclic ranges 
considered in this report. 

The problem of determining, in its entirety, the effects of 
repeated loads on aluminum alloys is enormous. Closely allied prob- 
lems have been investigated during the past few yoarsi however, lit- 
tle experimental data have been made available on the subject. 

The design end building of an adequate testing machine for 
carrying out the tests in the range of cycles considered was accom- 
plished in 1947 by Lieut. Gcmdrs. Robert L. Mastin and Bdward G. 

Bull, U. S. Navy. Ihe machine was modified slightly by Mr. Chinta- 
kindi 7. JogaRao and Captain Coiu'ad N. Kelson, U. S. Air Force, 

The work of Bull and Mastin was carried further as reported in the 
thesis by Conrad N. Nelson, Captain, U. S. Air Force, '•Repeated 
Loads Aobvo the Proportional Limit on 24 ST Aluminum /J.loy'*, C.l.T. 



-2 






The above authors' work showed that alaost all deformation takes 
place In the first ten oyoles of the applied stress* and that there is 
no relation between the eloz^ation of a speoimen end its lifo expectancy* 
They also indicated that aging time* magnitude of overstresaes* and 
initial stresses had an effect on the life expectancy of 24 3T aluminum 
alloy. However* their test results on the effects of aging time* etc. 
were not conclusive* as stated by the authors, and they suggested farther 
work on the problem in general. 

Since the probl«m is vast in scope* covering a large number of 
metals* their alloys* end an infinite number of loadings, only one phase 
of the subject was considered, i.o. the effect of surface roughness upon 
23 3T alisninum alloy subjected to repeated tensile stresses in the cyclic 
range below 100,000 cycles. Although only one alloy was tested, the 
effect of surface roughness on other alimlnum alloys would probably 
parallel these results; however* further work is necessary to establish 
the basic high stress-low cycle curves for the other common aircraft 
materials. It is to be noted that these results apply only to members 
with freely-hinged ends. 

This investigation was carried out in collaboration with Lt. Oonjdr. 
»¥. ¥.• Rlngnoss, U..S. Navy, at the Daniel Guggenheim Aoronfmtlcal Labor- 
atory, California Institute of Teohnolc^, Pasadena, California, in 1949 * 
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Taat ST3ooln>9n9 

- All spocljnano wore made from a 2.5 •'2T forging whose chomloal ccra- 
poaition was CUf 0.675? Sli 0.0l6^ ?,lg, 0.45% 0.73% ’•'in* 0.25% 2n* 

0.02% Or, and romainder Al. The alloy had the following properties i 
Yield Strength - 39*400/41,250 p.a.i. 

Tionslle Strength - 53*000/61,396 p.e.i. 

% Slongation in 2 inches - 16^/17 

Each specimen was oaTOfully made with the customary hlg^ standards of 
experimental work by the C.I.T. Machine Shop in accordance with Fig. 1. 
As recommended by Captain Conrad N. Nelson, U. 5. Air Force, (Eef. 1) 
the fillet radius was doubled. The surface roughness was applied by 
cli*ounferentlal grooving giving ridges of 5/t* 50 100 end 200 

A round tool, radius 3fl6* was used on a Pratt and Whitney 13" 

Laths, Model B, The advance used for the grooving was as followsi 



Bough^ess 



Advance 




50 ^/^ 



5 



0.0012 In, /rev. 
0.007 In. /rev, 
0.010 in. /rev. 
0.0143 in. /rev. 



The roughness was checked on a Profllometer built 1)7 Physicists 
Research Company. 
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'Jeatin^, it!aohlne 

Ths testily machine T7as designed end built In the 194^‘*47 school 
year at C«I*T* by Lieutenant Commanders Bull« Mastin. and Soli« end 
Lieutenant Ditcht all of the U. S. Navy, and subsequently modified 
by Mr. Chintakindi V. JogaHao and Captain Nelson, C. S. Air Force to 
strengthen the K-beam base of the platform (Refs. 1 and 2). Addi- 
tional modifications vere made by Lieut. Cotndr. W, M. Ringness, U* 5. 
Navy and the author. 

The machine consists essentially of an aircraft type hydraulic sys- 
tem which applies a pure tensile load (design maximum of 11,500 lbs.) 
to the specimen which is anchored at one end and secured at the other 
to a piston of the hydraulic system (See Figs. 3 4)* 

l^draulic pressure is supplied by a positive displacement goer 
pump driven by a five (5) h.p. 220-volt A.C. electric motor rated at 
1140 r.p.m. A step-up reduction gear of 3»o6 to 1 raises tiie pump 
r.<p.m. to 3420. 

The hydraulic system (Fig. 11) begins at a six and eight-tenths 
(6.8) gallon researvoir with filler strainer. The fluid passes through 
an oil strainer to the suction side of the pump, through a pressure 
relief valve (set to lift at I250 p.s.i.), an accumulator, a pressure 
regulating valve, a Tickers solenoid-oporeted pilot valve, and hence 
to the cylinder. A Bourdon hydraulic pressure gage, protected from 
shock by a shut-off valve, is installed in the lino just ahead of the 
pilot valve. Four return linos are provided one each from liie low 
pressiiro end of the cylinder, the discharge side of the pilot valve. 
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roguleting ralre, and relief valve. 

The reservoir was filled by means of e hand pump located within 
the main frame of the machine. Although all types of oil were used 
no failures of the system were attributable to the fluid. 

The movement of the piston is controlled by the Vickers solenoid 
triggered through contact points operated by a circular cam driven 
by a 1/20 H.P. 110-volt A.O. universal wound motor. This same motor 
also drives a mechanical counter which izxdicates exactly one-half of 
the actual number of piston strokes (?ig. 12/. 

The entire system (Figs. 5* 6, and 7) except for the specimen, 
i^s fittings, the cylinder, the pressure gage, the counter, end the 
electrical contTOla, is mounted below the table top. 

The test platform consists of two 5" steel K-beama, six feet long 
bolted together upon which are mounted heavy steel fittings to anchor 
the cylinder and the fixed end of the test specimen. The 11*3 si* in. 
piston is attached to a universal joint which in turn is connected to 
the load coupon (Fig. 2). The test specimen is secured between the 
load coupon end another universal joint which is in turn screwed onto a 
fitting which bolts onto a heavy m^tal toe-shaped anchor fastened to 
the top H-beam. The universal joints which remove bonding stresses 
carry counter weights for static balance of the free ends. Lt. Cdr. 
Pttngnesa and the author installed safety guides for these balances 
since there was a tendency for them to rotate the universal joints. 
HDwever, these guides were made very loose to allow for axial movement 
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of tho woisiite as well as a few degrees of rotation. 

During the first few testa it was obseiTred by tho investiga- 
tors that tho cylinder and fixed end did not have the proper align- 
menti thereby introducing bending loads in the apecinen in spite of 
the uMversel joints. To correct this, shims were placed under the 
hydraulic cylinder until all noticeable effects of bending were elim- 
inated. 

Since it was neceasary to leave the machine in operation for ex- 
tended periods of time (the rate of loading was 52 cycles per minute), 
an additional modification of the testing machine was considered essential. 
This change consisted of installing a micro-switch in the electrical 
circuit, the operation of which shut down the entire system. The 
switch, modified from a ’'normally closed" to a "nozrujlly open" type, 
was located on the testing platform in such a position whereby upon 
failure of the test specimen a collar on the piston struck the actuat- 
ing arm of the micro-switch as the piston returned home upon fracture 
of the test piece. »Yhen the lalcro-switch wee actuated, it opened a 
three-pole, double- throw relay which controlled the counter circuit, 
the solenoid circuit, and tho main motor cutoff switch (Fig. 12). 

Ihia modification made by Lt* Cdr. Hingness end the author allowed the 
Investigators to subsequently carry out many more tests than would have 
been possible had this change not been made. 

Load Measuring’ C?out?on 

■Rie "load coupon* (Fig. 2), located between the hydraulic piston 
and the test specimen, is the device used for measuring accurately tho 



actual lood boinc applied to the speclnen. Mounted at ninety degree 
spacing on the steel couion were four (4) SR-4 resistance wire stroin 
gages. These gages were connected in series to increase the sensi- 
tivity and to remove bonding effects of the coupon. This was the only 
means of accurately measuring the stresses as the pressure gage, hav- 
ing once been calibrated against the load in the cylinder, proved to 
be only a roxigh check on the applied lood. 

Sleotrical Load Measuring Equinaent 

Ihe electrical load measuring eiuiptnont consists of the "load 
coupon" with its four strain gages connected in series, an amplifier, 
a control panel, a Holland Recording Oscilloscope, and associated 
power supplies consisting of 110-volts A.O. and 6-volt batteries as 
necessary (Fig. 13). 

A '.Vhoatstone 3ridge circuit measures the change of resistance of 
the gages with changes in load. This signal is sent through the ampli- 
fier, hence on to the Holland Recording Oscilloscope which in turn 
makes a photographic record of the load applied, automatically plot- 
ting this load against a time axis. Tlius the rate of loading is also 
recorded. 

Incorporated within this electrical system is a method of apply- 
ing known electrical loads of 1000, 2000, JOOOf and UOOO pounds. This 
electrical feature provided a means of comparing the applied load with 
a known standard during testing. This was accomplished as follows i 

After the strain gages were cemented onto the coupon and checked 
separately, the coupon was placed in a Riehle Bros. Tensile Testing 



- 3 - 






Machine* The gages were connected in series and a record of e.m.f. 
drop across the gage (in millivolts) vs. load on the coupon was made 
(?ig. 15)* During this strain gage calibration, the amount of re- 
sistance was determined which, when connected in parallel with the 

> 

Sri-4 gages, would give electrically the same effect as applying cor- 
respondizig static loads of 1000, 2000, 3000, find 4000 pounds to the 
load coupon. These known resistances were installed in the control 
panel and then connected to the -electrical circuit through a selector 
switch. Then it was possible to select any on© or all of the four 
iuaowa electric loads while the teat was in progress end thus place 
a standard calibrating line on the recording paper in the Ibiland He- 
corder. xfence with each actual load that was recorded there was as- 
sociated with it a known standard calibration Load vs. Time curve. 

This calibration method eliminated errors due to voltage and temper- 
ature changes inherent in the power supply. 

The sensitivity of the strain gages could be controlled by con- 
trolling the voltage applied across them. However, after a few trials, 
it was ascertained that two six- volt direct current batteries connected 
in series gave the best results in that the full width of the recording 
paper utilized. 

The Bailand was powered by ton volts of direct ciirront. 

Fig. 3 shows an oscilloscope recording which is typical of those 
obtained on all tests. The information as taken from Pig* 8 is tabulated 
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Duration of Zero Load 
Duration of Maximum Load 
Hme - No Load to Full Load 
Tiiao - Full Load to No Load 
'lime for one complete cycle 
Number of cyclea per minute 
Jteximum Rate of Loading 
liaximum Rate of Unloading 



0.63 cec. 

0.33 soo* 

0«14 aec« 

0.023 sec. 

1.125 aeo. 

32 

41.700 Ibo./oec. 
184.000 Iba./aeo. 



Since the rate of loading of the specimen had been established 
as being satisfactory by Bull end Klestin (Ref. 2) the Heiland Re- 
cording Oscilloscope was used only to obtain the magnitude of the 
applied load. 

llie possibility of utilizing other load measuring and recording 
devrioes such as a large oscilloscope with a retentive screen was in- 
vestigated hy Nelson (Ref. 1). However, he found that the low fre- 
quency of the testing machine precluded the use of such devices. 
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III. ?:?oo:nrja:: 

Tables III through LVl tabulate the data obtained during this 
investigation* 

After all preliminary calibrations were made, a series of fatigue 
tests were made on 23 ST aluminum alloy* For record purposes all 
tests are listed in this report even though in scame cases useful data 
were not obtained. Each test Wes run until the specimen failed* Pig* 

10 is an example of a complete typical data sheet* 

The actual loads applied during any one test were determined in 
the following memnen 

ohree calibration lines were established by jrecording the eiuiv- 
alent 1000, 2000, and 3000, or 2000, 3000, and IjOOO pound electric loads 
on the Ileiland Recox'der* The applied load was recorded iniaodiately af- 
terward* 'Kiis procedure was continued throughout the test* A typical 
set of such readings are shown in Fig* 9* 

The heights of the calibration and load lines are measured after 
the film is developed and dried* For example, from Pig* 9 it appears 
that 0*32* corresponds to a 1000 pound load* The load line is 0*84" 
in height* Thus by simple arithmetic the load is computed! 

X 1000 - 2625 pounds 

The corresponding stress (cross-section area being 0*0707 eq* in*) 

^^ = 3/.l30 p.e.i. 

No effort was made to calibrate the hydraulic pressure gage, as 
was done by the previous investigators, since the first few tests 



\ 
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showed that the relation between the hydraulio pressure soge setting 
and the actual load opplisd would change frocn day to day* liowever, 
the pressure gago v?as used to dotormino the initial load sotting* 

Althougli tJie hydro’ulic oyatcra does not keep o perfectly constant 
load, the load variations were not over excessive during any coaplete 
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17* RSSULTS AND DISCUSSION 



Aa nontionad previously In this report, the frequency of load 
application is O .867 cycles per second. Since the load application 
is non-steady in nature, it aeonjed desirable to investigate the ef- 
fect of any longitudinal vibrations that aight be set up. 

Fran Den Hartog, Appendix II, (Hef. 3) 



natural i>eriods are ccxnpleted (Heat periods = O .63 seconds). There- 
fore, there is no effect on this systen due to the periodicity of 
loading. 

In order to detemine a dyneurdc load factor for this elastic sys- 
tem, as outlined by Dr. J. M. Franhland (Hef. 4)* certain assumptions 
must be fulfilled to allow treatment as a one degree of freedom system. 

1. The impulse should be at least one tenth of the duration of the 
natural period. 

2. The impact load should be distributed fairly unifoisaly over the 
structure. 

3» The fundamental mode should be uncoupled with higher modes. All 



f - 1/ E 




whore 



f - fundamental natural frequency, cyoles/ssc. 
m*= mass/unit vol. O.IOI /386 lb. sec^/in^ 

X = length, 2 " 



E X 10,3D0,000 p.s.i. 



Ihe natural period la then T- 2*02 x 10*<5 sec. Thus all vibra- 
tion will be damjwd out between cycles since = 3.US.000 



three conditions are fulfilled by this system idealized to the extent 
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that the fundar»ntal aodo considered is longitudinal and may be as- 
sumed uncoupled with higher modes (Condition 3)* other two con- 

ditions or assumptions are obviously njet. 

hliere the duration of impulse is long compared to the natural 
period of the aysteat as in this case« Qrt Frankland states that the 

important parameter is the rate of buildup of the impulse. Thus 

2 P^o 

a = 1 -V sin where 
P*o ^ 



n = dynamic load factor 






impulse peak load 
e.s.l. = equivalent static load 

p = circular natural frequency 

time required for buildup - 0.14 



Pt. 



ptQ = 2lT(43.500)(.i4) - 43.600 



Since sin ^‘vlt the equivalent static load is approxi- 
mately equal to the peak of the impulse loading. Iheirefore* the 
system can be considered subjected to the loads as determined by the 
load measuring equipment described on page 7. 

It must be pointed out that if the buildup time is in the neigh- 
borhood of the natural period of the system, equivalent static loads 
equal to twice the peak loading may be expected. Also, not only equiv- 
alent static loedin^^ but rate of buildup must be considered when com- 
paring these results to similar investigations. 

Figs. l6, 17, 18, 19, and 20 are the plots of the test data com- 
piled in Tables III through LVI inclusive. Since it bos been deter- 
mined that vibration in this system has negligible effect on the 
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resulting loading* the loads listed in the Tables can be considered as 
the actual loads applied* 

An ©zaasination of the data reveals the accuracy achieved in at- 
tempting to hold a constant load throughout a complete test. All re- 
sults, where sufficient information was obtained, were plotted. Al- 
though no definite reeding interval was established between runs, it 
can be assumed that where long periods of tine existed between read- 
ings, the load remained constant. The test data substantiates this. 

The basic curve, specimens tested with a 5/^ roughness, is sfiovm 
in Fig. l6. The results for rovehness factors of 50 100^, and 

200^ are plotted and represented in Figs. 17, IG, and 15 respectively. 
Fig. 20 is a ccsnpiletion of all results. The type of break was also 
recorded on each Figure, but the type (normal or fillet) had little 
or no effect on the general trend of the curves. 

Ihe scatter is that vihich is to be expected in compiling experi- 
mental data of this type. However, as e result it was difficult to 
ascertain the precise location of the curves. But it is felt that in- 
creasing rou^ness has a definite tendency, however small, toward de- 
creasing the fatigue strength of 25 ST aluminum alloy. Tima prevented 
further investigation of the portion of the 50^^ curve in the cyclic 
range between 5»00S 45*000 cycles. 

Upon closer investigation of Fig. 20 it appears that roiighnoss 
has more effect upon the cyclic life of this tiatorifil in the range of 
40,000 cycles and upwards than in the region below 40,000 cycles. The 
data wore also more consistent in this range. Although negative in na- 
ture, it appears that tJie different surface rouglmesses have very little 
effect on 25 ST when failure occurs at stresses corresponding to cycles 
lower then 40,000. It is felt that further investigation along these 
lines of the other important aluminum alloys is needed. 
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V. G0N0LU3I0HS 

7or the notorial tested, 25 3T aluminum alloy, surface rou£h- 
noos reduced the life expectancy of the alloy •?rlien subjected to 
constant repeated tensile stresses which were above the proportional 
llxiiit. As the surface roughness increased from 5/^to 200^, the 
number of cycles to cause failure of the tost specimen for a given 
load deoreeaed. The results were more pronounced in the range from 
40,000 to 100,000 cycles* 

In the regions below 40,000 cycles tlie amount of scatter In- 
creased* It was therefore impossible to draw accurate conclusions 
as to the effect of surface roughness on the cyclic life of 25 3T 

) 

aluminiim alloy in this region except that this indicated the conver- 
gence of all curves on the point, N = 1 cycle, cr^ ultinat© tensile 
strengtli* 



) 
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71 . aLlOwTiONS 

As a result of this investigation the following recocEaenda- 
tions are madet 

1 . That similar tests be carried out for other aluminum al- 
loys common to the aircraft industry. 

2. That the direct current supply be replaced by alternating 
current in the applicable circuits of the electrical load measur- 
ing equipnvsnt. 

3 . That the rate of loading be increased from 52 cycles per 
minute to two or three tiraes this value 1 thxis roducing the time re- 
quired to cotaplote a single test. 

4 . That a precision type pressure control valve be installed 
along with a more stable pressure gage so that after the machine 
is once oallbreted« the entire system would be independent of any 
load measuring equipment other than the pressiire gage itself. 
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TA3LS 1 

Calibration of Strain Qagos 
(Connected in Series) 



Reading 


Load (lbs.) 


Hllllvoli 


1 


100 


.310 


2 


200 


.615 


3 


300 


.930 


4 


400 


1.22 


5 


500 


1.55 


6 


600 


1.85 


7 


700 


2.15 


8 


800 


2.49 


9 


900 


2.78 


10 


1000 


3.10 


11 


1100 


3.41 


12 


1200 


3.73 


13 


1300 


4.03 


14 


1400 


4.35 


15 


1500 


4.68 


16 


1600 


4.98 


17 


1700 


5.^9 


18 


1300 


5.62 


19 


1900 


5.93 


20 


2000 


6.21 


21 


2100 


6.56 


22 


2200 


6.83 
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TABLS I (Cont'd) 






Lor,d (Ibo.) 




23 


2300 


7.19 


24 


2400 


7.50 


25 


2500 


7.82 


26 


2600 


0.13 


27 


2700 


8.44 


28 


2600 


0.76 


29 


2900 


9.09 


30 


3000 


9.36 



I 
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7AKLS II 

Static Tensile Test 
25 ST 5 Surface Hooghness 
Throop Hall’^-Mate rials Testing Lab. 





Specimen Diaaeter 0.3*‘ 


Areat 0.0707 


8(^. in. 




Load 


#79 


#79 


#80 


#80 


Average 


Stress 


lbs. 


Gage 


Strain 


Gage 


Strain 


Strain 


p.s.i. 




Edg. 


Edg. 


Edg. 


in/in 


in/in 




0 


0 


0 


0 


0 


0 


0 


300 


2.0 


3.05x10“^ 


■\5 


3.905x10”^ 3.477x10-4 


4243 


600 


5.3 


8.082 


4.5 


7.029 


7.555 


8486 


900 


8.0 


12.2 


7.6 


11.871 


12.035 


12729 


1200 


10.4 


15.86 


10.6 


16.557 


16.208 


16972 


1500 


13.0 


19.825 


13.3 


20.775 


20.300 


21215 


1800 


15.8 


34.095 


16.3 


25.460 


24.777 


25460 


3100 


19.6 


39.89 


20.0 


31.240 


30.566 


29701 


2400 


28.2 


43.00 


28.3 


44.205 


43.602 


33345 


2560 


42.0 


64.05 


43.0 


65.604 


64.827 


36209 


2700 


45.2 


68.93 


46.0 


71.862 


70.391 


36189 


2800 


76.0 114.37 


78.0 


121.84 


118.11 


39604 


2930 


85.2 


129.93 


88.6 


138.39 


134.16 


41442 


3000 


92.3 


140.76 


95.0 


148.39 


144.58 


42430 


3100 


102.9 


156.92 


98.5 


153.86 


155.39 


43847 


#79 ~ 


— 1.525 X 10*^ in/ln/division 








#80 - 


— 1.662 X 10“^ in/in/diYision 









Test 1 
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TABL3 in 
Approx, 


Gage Setting 200 p.s.i. 




Cycles 


Load (lbs) 


1 


30 


2285 


2 


100 


2357 


3 


1600 


2143 


4 


2000 


2571 


6 


2400 


2500 


6 


2600 


2571 


7 


2800 


2600 


6 


3000 


2571 


9 


4000 


2340 


10 


4500 


2270 


11 


5000 


2360 


12 


5500 


2286 


13 


6900 


2350 


14 


8240 


2410 


15 


10000 


2671 


16 


70000 


2350 


17 


74200 


2515 


18 


76200 


2570 


19 


262204 


Tnllure 


Boughness - 6yu 
Break - illlet 
Atc, Load — 2350 ILs* 







Stress - 33,000 p.s.i 



I 



t 






L 



t 



i 



Test 2 


iU^prox. 


Gage Setting 220 p.s.l. 




P.y.sloa 


Load (lbs. 1 


1 


100 


2670 


2 


1000 


2610 


3 


2520 


2800 


4 


3000 


2720 


5 


71050 


2620 


6 


71200 


2760 


7 


75000 


2760 


e 


83600 


No reading 


9 


105000 


failure 



Boughnesa - ^ 

Break - miet 
Ave, Load - 2700 lbs. 

Stress » 38200 p.s.l. 

TABL3 V 



Tost 3 


Approx. 


Gage Setting 340 p.s.l. 


£Sfl4tRg 


fizgleg 




1 


40 


2960 


2 


3000 


2960 


3 


8000 


2970 


4 


12400 


3750 


5 


16900 


2850 


6 


66008 


Tall ore 



Soughnsss - 
Break - miet 
Ave. Load - 2900 lbs. 
Stress - 41,000 p.s.l. 
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TABI.iS VI 



Test 4 


A’cipror. 


Orti?e Setting 260 p.s.l. 






Load (Xt>s.) 


X 


40 


3X10 


2 


3500 


3X60 


3 


7600 


2960 


4 


1X760 


No reading 


5 


X3800 


3X70 


6 


20850 


3100 


7 


3X730 


3020 


8 


23972 


Failure 


Hoiighness - Syu 
Break - SormaX 







Avq, hosA — 3X00 Xbs* 

Stress - 43,800 p.s.l. 

lAHLS VII 



Test 24 


Approx. 


Sags Setting 260 p.s.l. 




GxSkSA 


Load (Ihs.) 


X 


3000 


3240 


2 


7900 


3280 


3 


7930 


3360 


4 


13100 


3250 


6 


13300 


3250 


6 


18000 


3330 


7 


18060 


3270 


8 


18374 


Failure 


Roughness - 5yU 






Break - Fillet 







Ave, Load - 3350 Xbs. 
Stress - 46,000 p.s.l 



'i?03t o6 


Ap>»roii, 5ago 


Jetting 270 p.3.1. 


Hoadinf? 


Cvclos 




1 


3000 


o 

to 


2 


7680 


3500 


3 


7700 


3470 


4 


9900 


3600 


5 


9920 


3500 


6 


21002 


Failure 


Roughness - 5^ 






Break - Fillet 






Ave. Load - 3485 lbs. 






Stress - 49,300 p.s.i. 


T.V3LS IX 




Teat 5 


Approx. Qage 


Setting 280 p. o.i. 


Re?.dl.ne 






1 


10 


3240 


3 


7780 


No ra.’dlng 


o 


7812 


3420 


4 


9220 


5330 


5 


11600 


No reading 


6 


11680 


3360 


7 


17660 


3380 



8 Machine broke down 

Koushness - 6^ 
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■TTwlLS X 






Tost G 




Oaii’© 


Setting 260 p.s.l. 


?or:din^ 








1 


20 




3260 


2 


1060 




347C 


3 


1120 




3560 


4 


16.i0 




5520 


5 


1660 




3440 ■ 


6 Machine 


broke down at 4000 cycles 




Houghness - 5 /< 










XI 






Tost 2S 


Approx. 


Oage 


Setting 280 p.s.i. 


Sfiadinc 






load (lbs.) 


1 


30 




3260 


2 


1930 




3660 


3 


5420 




3^ 


4 


9820 




3620 


5 


13020 




3560 


6 


16280 




3680 


7 


18870 




Failure 


Booghness - 5^u. 








Break - Fillet 








Ave* Load — 3360 lbs* 









Stress - 47,500 p.a.l 
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TABLS XII 



Teat 13 


Approx, ^age ietting 280 p.s.i, 


Headina: 


,ar.sl?g 


l.Qad (lbs.) 


1 


20 


3460 


2 


7540 


3390 


3 


7560 


3670 


4 


9400 


3570 


6 


9440 


3500 


6 


13460 


3570 


7 


13490 


3670 


8 


14564 


Tallure 


Bouehnesa - ^ 


Ave. 


Load - 3520 lbs. 


Break - Nomal 


Stress - 49,780 p.s.i. 




TA3LB XIII 




Test 26 


Approx, Oage Setting 290 p.s.i. 




gzsLea 




1 


80 


Uo reading 


2 


600 


3550 


3 


3420 


3590 


4 


7600 


3680 


5 


10340 


ITo reading 


6 


10540 


No reading 


7 


11240 


3610 


0 


11260 


3590 


9 


13700 


failure 


Roughness - 5^ 


Ave. 


Load - 3560 Ion. 


Break - Nomol 


Stress - 50,300 p.s.i. 
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Tast 7 
Reading 
1 
2 

3 

4 

5 

6 

7 

8 . 

9 

10 

11 

Booghnesa - 5/^ 
Break - Noroal 

Teat 23 

1 

2 

3 

4 

5 

Soughneas - SyA 
Break - Norml 



TABLE XIV 

Approx, C#age Setting 300 p.a.i. 





Load (lbs, ) 


10 


3440 


3280 


3540 


3320 


3540 


3400 


3540 


10760 


3660 


10800 


3730 


12760 


/ 

Ho reading 


12800 


Ho reading 


12980 


Ho reading 


13430 


3670 


19326 


Failure 

Aye. Load - 3590 Iba, 

Stress - 50,700 p,s,i. 


TABLS XV 

Approx, Gage Setting 300 p. 3,1, 


^ISlSJL 




3000 


3640 


7300 


3830 


9580 


3450 


9600 


3610 


13832 


Failure 

Aye, Load - 3630 lbs. 

Stress - 51,300 p, 8,1, 
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TABLT XVI 



Test 9 


Approz, 


Oage 


Setting 320 p,5,i. 


Jeadijifi 


Oycles 




Lo'^.d (lbs.) 


1 


10 




Bo jreadlne 


2 


50 




3630 


3 


6740 




3680 


4 


6760 




»o reading 


5 


' 7000 




3070 


6 


7060 




3870 


7 


9316 




Failure 


Eoughaeoa - 5/x. 








Bread: - normal 








Ave. Load - 3760 11)8, 








Stress - 53»100 p.s.i. 


TL\3L?. X7II 






Tost 10 


Approx, 


Oage 


Setting 340 p,s,i. 


SoaMng 


gzslfi.1 






1 


30 




3320 


2 


1080 




4015 


3 


2080 




4120 


4 


3240 




Failure 


EDughness - 6/< 








Break - Horaal 








Ave, Load - 4020 IBs, 








Stress - 66,800 p,s,l. 
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Tcfst 11 
IRendinr 
1 
2 

3 

4 

Boughnoas - 5/f 
Bresi: - ITonnal 
Ave, Load - 4460 lbs. 
Stress - 63,000 p.a.i. 



Tost 8 
Ber.rllng 

1 

n 

3 

4 
6 
6 

7 

8 

Eoughness - SO^u. 
Break - Fillet 
Ave, Load - 2700 lbs. 



mu 

Aprirox. Oage Setting 360 p, s.i, 

2zsle§ iaa<LilU?ui 



50 




4450 


100 




4510 


400 




43SC 


550 




Failure 



!I!ABLE XIX 



Approz. Oage Setting 220 p.s.i. 
Cycles Load (lbs, ) 



10 


2670 


4650 


2620 


4800 


2730 


6400 


2800 


9320 


2690 


13400 


2710 


17200 


2680 


77380 


Failure 



1 



Stress - 38,200 p.s.i 



hauls XX 



Test 28 


Approx. 


Ocgo Settiiig 230 p, a.l. 


£fia<^.lgg 


syclaa 




1 


10 


ilo reading 


2 


4260 


Ko reading 


3 


4600 


Ho reading 


4 


6420 


2700 


5 


6440 


2870 


6 


8072 


2930 


7 


8080 


2380 


8 


9460 


2890 


9 


16180 


2970 


10 


16200 


2730 


11 


21860 


3000 


12 


21800 


2950 


13 


23660 


2870 


14 


48892 


Pail ore 



Roughness - 50/<. 

Break - Tillet 
Ave, Load - 2880 Ihs, 



Stress - 40,700 p*s.l 
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TA3LS XXI 



Test 12 


Aporox, 


Oage Setting 240 p.s.i. 


Reading 


Cycles 


Load (lbs, 


1 


5 


3000 


2 


30 


3000 


3 


660 


2780 


4 


680 


3050 


5 


1600 


3090 


6 


1630 


3170 


7 


7000 


3000 


8 


11200 


3050 


9 


I 683 O 


2950 


10 


36340 


Failure 



Roughness - 50/< 

Break - Normal 

Ave* Load - 3 OOO lbs. 

Stress - 42*400 p.s.i. 
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TABL3 XXII 



Test 27 


Approx, 


Qage Setting 250 p.s.l. 


Reading 


Cycles 


Load (lbs.) 


1 


2980 


3120 


2 


7540 


3160 


3 


7560 


3230 


4 


9560 


3150 


5 


9600 


3090 


6 


10650 


3140 


7 


10670 


3170 


8 


16200 


3010 


9 


23740 


Failure 



Roughness - 50yU 
Breek - Fillet 
Ave, Load - 3l40 lbs. 
Stress - 44,400 p.a.l. 
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TABLE XXIII 



Test 15 


Approx* 


Gage Setting 260 p.s.i* 


Reading 


Cycles 


Load (lbs 


Jm 


10 


3300 


2 


175 


3470 


3 


5010 


3350 


4 


11100 


3460 


5 


14600 


3250 


6 


17400 


3290 


7 

Houghness - 30 
Break - Fillet 
Ave, Load - 3350 lbs. 


20534 


Failure 



Jti'ess — 47»AOO p»e»l 



'7 ^ 



Test 29 


TA5L0 XXIV 

Aporccr, Gnge 


Setting 27C p. s.t. 


Heaoing 


Cycles 


Lced (los, ) 


1 


3810 


3570 


2 


3830 


3570 




7280 


3440 


t 


7300 


3470 


5 


9TiO 


3450 


6 


9730 


3390 


7 


19300 


3290 


8 


19310 


3290 


9 


20970 


3490 


10 


21000 


3440 


11 


27370 


Failure 


Roughness - 
Break — Horoal 
Ave, Load - 3^30 lbs. 
Stress T 48,500 p.s.i. 
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T^et 14 


TA3L': X\T 
AnorOX, 


Oac3 Setting 230 p.s.l. 




Cycles 


tpad (lbs.) 
3410 


\ 


10 


2 


10 


3410 


3 


3760 


3330 


/ 


4000 


3560 


r 

> 


3840 


3540 


6 


12860 


3430 


7 


20280 


3570 


3 


24612 


Failure 



Roughn«sn -» 50yn 
Break — ?Joraal 
Ave, JjOad - 3470 lbs. 

Stress - 49.0X p.s.l. 

TABLS XXVI 



Test 16 


Approx, 


Oage Setting 3OO p.s.i. 


Reading 


Cycles 


Load (lbs.) 


1 


520 


3630 


2 


3280 


3520 


3 


8320 


3650 


. 4 

Roughness - 50^ 
Break ~ Fillet 


II832 


Failvire 


Ave. Load - 3600 lbs 


e 





«tres3 - 50,900 p.s.l. 
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TABLE XXVII 



Ter.t 19 


Anorox. 


Qage Setting 320 p.s.l. 


Reading 


Cycles 


Load (,lbs 


1 


10 


3860 


2 


200 


3860 


3 


1020 


3360 


4 


2497 


Fal T ure 


Roughness - 50/^ 






Break - Normal 






Ave. Load - 3860 lbs. 






Stress — 54*600 p.s.l. 







Test 18 


TABLE XXVIII 

Approx, Qage Setting 340 p.s.l. 


Reading 


Cycles 


Load (lbs.) 


1 


10 


4170- 


2 . 


100 


4170 


3 


850 


4170 


4 


880 


4170 


5 . 


1900 


4080 


6 


2218 


Failure 


Roughness - 50yCA 
Break - Normal 
Ave. Load ~ 4150 lbs. 
^^ti^ss 58 * 600 p.s.l. 







— i — 





TABLE XXrx 




Test 17 


Approx. 


Gage Setting p.s.l. 


Reading 


Cjrcles 


jgoad (lbs, 


<• 

X 


10 


4160 


2 


18 


Feilure 



Roughness - ^ 0 /a 
Break - formal 
Ave, Load - 4160 lbs. 
Stress ~ 5StS00 p.s.l. 






TA3L-: m 



■-.“Ti 3'3 


.koorox* 


Cage Setting 210 p, c,l. 


.<»£.(! 


Cycles 


L5«d Ubs. 




44 


2630 


. ^ 


72 


2570 




550 


2600 




570 


2550 


r, 


2980 


2550 




3000 


2^0 


/ 


3650 


2550 


8 


3660 


2550 


9 


7250 


2640 


10 


7260 


2550 


11 


11200 


2440 


12 


14600 


2520 


13 


21450 


2610 


1-4 


56830 


2520 


15 


56840 


2630 


16 


60125 


2670 


17 


64300 


2550 


18 


64310 


2620 


19 


68080 


2600 


20 


68100 


2600 


21 


73890 


2660 


22 


73900 


2660 


23 


81090 


2500 


24 


81100 


2500 


25 


91378 


Failure 



Roughness - 100/x 
Break - Honaal 



Ave, Load - 2580 lbs. 
Stress - 36*500 p.8.1 
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Test 35 
Reading 
1 
2 

3 

4 

5 

6 

7 

8 
9 

Ho\ighneas - 100 >< 
Break - fillet 
4ve. Load - 2760 lbs, 
Otress - 39*000 p.s.i. 



TABLS XXXI 



Apnrox, Qage Setting 230 p.s.l. 

Loed (lba«) 
2780 



Cyclea 

868 

3140 

4320 

8100 

11200 

14100 

18500 

22650 

23945 



2810 

2790 

2760 

2670 

2760 

2850 

2710 

Failure 



- 



34 


TA.3L3 xx:;ii 
Ao^^ox. Gaga 


Sotting 250 o.s.t. 


;Cea51.ng 


Cto13S 


{ Ibt . 


n 

a. 


167C 


y)?.o 


2 


3380 


30G0 


3 


8190 


3000 


t 


10260 


3000 


f> 


10800 


3070 


6 


10820 


■ 3090 


7 


14710 


3070 


8 


18640 


3090 


9 


18680 


3150 


10 


20100 


3130 


11 


23060 


3070 


12 


23O8O 


3130 


r-i 


25100 


3180 


14 


27492 


Failure 


Roughness - 100/a 
Break - Fillet 
Ave, Load - 3O8O lbs. 
Otress •= 43*600 p,s,l« 
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rest 30 






1 



3 

4 

5 

6 
7 



o 



Roughness - lOOyU 
Break: - Fillet 
hve, - 3300 lbs. 

otresa - 46»70C p.s.l. 






Aporox, Qsgs Setting 260 p.a.i, 
C;^’-cles Load ( lbs. ) 



1730 


3305 


4590 


3370 


4600 


33ao 


7930 


3320 


11360 


3270 


13200 


3350 


16300 


3290 


22338 


Failure 



T/.yL’. aXXIV 



Test 32 


Ap'^rcr* 


Cafe Cpttlne 260 p.o.J. 


Lsedint; 


pycles 


t'bf.) 


3 


1720 


3^ 2C 


2 


4510 


3610 


3 


4530 


3530 


/ 




3440 


P 


5590 


3310 


6 


11430 


344'" 


7 


11450 


3370 


ci 


L7754 


Fjiiure 



xJnughness - lOO^u 
- NoriDAl 

Avc. Load - 3‘'^20 lbs, 
Ltres' - 48*300 p.s.i. 



i 
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TABL3 XXXV 



Test 31 


Approx. 


Qage Setting 300 p.s.l. 


Reading 


Circles 


Load (lbs 


1 


80 


3330 


2 


110 


3350 


3 


3850 


3540 


4 


3880 


3720 


5 


8570 


3460 


6 


8600 


3640 


7 


8680 


Failure 



Houghneas - VX>/^ 

Break - Fillet 
Ave. Load - 3505 lbs. 

Stress - 49# 500 p.s.l. 

TABLE XXXVI 



Test 33 


Approx. 


Gage Setting 3IO p.s.l. 


Reading 


Cycles 


Load (Iba.) 


1 


80 


3660 


2 


100 


3600 


3 


3906 


3630 


4 


4000 


No reeding 


5 

Rou^iess “ lOOyu 
Break - Fillet 
Ave. Load - 363O Iba. 
Stress - 51# 300 p.s.l. 


4924 


Failure 



TABL^ XXXV II 



Test 20 
R^adinj:; 

1 

2 

3 

4 

Roughness - 1 CX)/a 
B reak — Fillet 
Ave. Load - 3850 lbs. 
Stress - 54.500 p,s*l. 

Test 37 
Reading 
1 
2 

3 

4 

5 

Roughness - 100^ 

Break - N^^rmal 

Ave, Load - 3840 lbs. 

Stress - 54.300 p, s,l. 



Approx, 


Gage Setting 32O p,s,i. 


Cycles 


Load (lbs.) 


66 


3720 


500 


3890 


7700 


3950 


8310 


Failure 



TABLE XXXVIII 



Approx, Qage Setting 320 p,s,l. 
Cycles Load (lbs,) 



30 


3680 


50 


3680 


1620 


3940 


2640 


4060 


2916 


Failui*e 



Test 21 



table: mix 

Aporoz. Qage Setting 340 p.s.l. 
Rp readings, JBachlne broke down after 20 cjoles. 

Roughness - 100 



TABLE XL 

Tust 36 Approx, Qage Setting 340 p,s,i, 

Reading Cycles Load (lbs,) 



1 


30 


3820 


2 


140 


3880 


3 


200 


3940 


4 


540 


4100 


5 


560 


4120 


6 


724 


Failure 



Roughness - 100/x 
Break - Roroal 
Ave, Load - 3970 lbs. 
Stress - 56»100 p,s,l. 



) 
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TABLS XLI 



■Bsat 51 


Approx. 


Gage Setting 210 p.a.: 


ReedlDg 


gyoles 




1 


20 


2520 


2 


1390 


2600 


3 


3790 


2540 


4 


5060 


2600 


5 


5260 


2720 


6 


8300 


2650 


7 


11700 


2500 


8 


17400 


2520 


9 


24:250 


2630 


10 


29600 


2520 


11 


34050 


2500 


12 


42096 


Failure 



Roughnoas - 200yx 
Braak - Fillet 
Ave. Load - 2580 Iba. 
Stress • 38*500 p*8.1* 



) 
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Test 45 


TABLE XLII 

Approx. 


Gage Setting 220 p.s 


gsMijae 


py9,j-i>A 


Load Clbs 


1 


70 


2460 


2 


700 


2570 


3 


3400 


2660 


4 


6750 


2670 


5 


10610 


2690 


6 


12030 


2670 


7 


15790 


2720 


8 


I8250 


2700 


9 


22800 


2720 


10 


30140 


2720 


11 


37662 


Failure 



Houghnees - 200/a 
Broak - Fillet 
Are* Load - 266o lbs. 
Stress - 37t6oo p.s.l. 



Ibst 48 


-48- 

mil 

Approx. 


Gfi^^c Getting 2/p p.s., 


Roeding 






1 


40 


2320 


2 


1180 


2910 


3 


3220 


2930 


4 


6420 


2380 


5 


8310 


2880 


6 


11450 


2910 


7 


14160 


2930 


8 


17700 


3010 


9 


20200 


2980 


10 


23430 


2920 


11 


26432 


Failure 



Roughness • 200yU 
Broa^ - Fillet 
Avo. Load - 2920 lbs. 
Stress - 41 •309 p.s.l. 
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TA3LS XUV 



Test 54 


Approx. 


Gage Setting 250 p.e 


Read Ins 


Qy-OXes 


Load, (lbs ♦_ 


1 


230 


2950 


2 


5216 


3000 


3 


7220 


2950 


4 


7530 


2990 


5 


12480 


3010 


6 


16270 


3030 


7 


19450 


3080 


3 


22840 


3070 


9 


25972 


Failure 


Roughness - 200yU 






Break - Normal 






Are. Load - 30i0 Ibst 







Stress - i^2t600 p*e«i 
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TABLU XL7 



Teat 42 


Approx . 


Oase Setting 260 p.a.i. 


ReMilia 




Load Ubs») 


1 


40 


3400 


2 


1160 


3470 


3 


3130 


3100 


4 


4170 


3200 


5 


5220 


3160 


6 


7350 


3220 


7 


8160 


3290 


8 


9250 


3230 


9 


10100 


3230 


10 


11374 


Failure 



Roushneas - 200/x 
Break - Fillet 
Ave. Load - 3255 
Stresa • 4^,000 p*a>l. 
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TABLE XLVI 

*r. 

Test ip. Approx. Goge Setting 28 o p.s.i. 

No readings. Machine l«x>ke down 
Roughness - 200^ 



TABLE XLVII 



Test 49 


Approx. 


Goge Setting 280 p.i 


Reading 


Cycles 


liDod (Iba 


1 


40 


3540 


2 


2520 


3420 


3 


4090 


3440 


4 


6940 


3440 


5 


8210 


3420 


6 


10810 


3530 


7 


10830 


3460 


8 


12550 


3450 


9 


14476 


Failure 



Roughness - 200yU 
Break - Fillet 
Are. Load - 34^0 Iba. 
Stress ■> 49»()00 p.s.i. 
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TA3L2 XLVIII 



'Test 44 




Approx. Gage netting 290 p.a. 


Reading 


Qy.pl&s 




1 


40 


3630 


2 


2010 


3630 


3 


4360 


3650 


4 


6820 


3590 


5 


8150 


3630 


6 


9058 


Pallia^ 


Hotjghnosa - 20^ 

Break • Nozroal 

Ave. Load - 3625 Iba. 

Strasa - 51*200 p.a*i* 


TABLB XUX 




Teat 39 




Approx. Gage Setting 300 p.a. 


Reading 


Cycle a 


Load (Iba.) 


1 


40 


3312 


2 


500 


rfo reading 


3 


!<aohine failed 



\ 



ftoughness - 2(K^ 



- 53 - 



Tost 1*6 
Reeding 
1 
2 
3 
k 
5 



TABLE L 



Approx. Oage Setting 300 p.s.i. 



Pyg.j-fte 

46 

7680 

2640 

3690 



U>?»} 

3530 

No reading 
No reading 
No reading 



Elo Ctrl cal failure 



Rouglineos - 20(^ 



-54- 



TA3L3 U 



Test 43 


Approx. 


Cage Getting 310 p.s.l. 


Reading 


Cycles 


Load (Iba.) 


1 


10 


3500 


2 


36 


3<S6o 


3 


50 


3630 


4 


720 


3770 


5 


730 


3710 


6 


1230 


3790 


7 


1250 


3670 


a 


1770 


3730 


9 


1800 


3730 


10 


2680 


3640 


11 


2700 


3690 


12 


3150 


3810 


13 


4670 


3810 


14 


5390 


3690 


15 


6280 


3690 


16 


7850 


Failure 



Roughness - 200^ 

Break - Normal 

Ave* Load - 3705 lha. 

Stress - 52*400 p«8.i. 
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TA3LS U1 

Tsst 40 Approx. ^p.ge oottlng 310 p.o.i. 



Readinf? 


Cycles 


lo*‘:d (lbs 


1 


30 


■ 3610 


2 


40 


3640 


3 


810 


3710 


4« 


820 


3740 


5 


1120 


3740 


6 


1140 


3710 


7 


?38 o 


3(^40 


0 


2400 


3700 


9 


3150 


3710 


10 


3170 


3710 


11 


3710 


3660 


12 


3720 


3800 


13 


5000 


3620 


14 


5010 


3570 




6440 


3590 


16 


6940 


Failuw 



Rotighneas - 200 yU 
Break - Fillet 
Ave. Load - 3^^® Ibo. 
CJtrcss - 52*000 p.s.i. 
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T/.aLC Ull 



Tost 47 




Approx. 


Gage Setting 320 p.s 






Oyolea 


Clba 


1 




83 


3550 


2 




100 


3670 


3 




640 


3790 


4 




650 


3820 


5 




2420 


3770 


6 




2450 


3820 


7 




iiiko 


3810 


8 




5270 


3810 


9 

iksu^^mess - 200y^ 

Break - Fillet 
Ave. Load - 3755 Iba. 
Stress - 53*100 p.a.i. 


7556 


Failure 



-57- 

TABLS 117 



Test 52 




Roadln/:; 


Cycles 


1 


30 


2 


390 


3 


800 


4 


820 


5 


1260 


6 


1230 


7 


2050 


8 


2870 


9 


3200 


10 


3420 


11 


4960 


12 


6210 


13 


7234 


Bougliness - 2 Q 0 yU 




Break - Fillet 





Approx. Gego Setting 320 p.s.l. 

Load (lb3») 

3650 

3610 

3720 

3550 

3570 

3540 

3740 

3740 

3830 

3830 

3850 

3730 

Falluare 



Ave. Load - 3710 Iba. 
Stress - 52i500 p»8*i 



- 58 - 



'iteat 53 

1 

2 

3 

k 

5 



TABLE LY 

Approx. Gage Setting 330 p.s.i. 



.Qzp^lfijl 


Load (lbs.) 


24 


3330 


40 


3870 


540 


3830 


780 


3850 


1016 


Failure 



Roughness - 200 /a 
Break - Normal 
Ave. Load - 3945 lbs. 
Stress - 54*300 p.a.i. 



T.^3LS LVl 



Test 50 




Approx. Gage Setting 340 p.s 


RoadlnK 


oygAgg 


Load (lbs.) 


1 


20 


3660 


2 


75 


3725 


3 


150 


3800 


4 

Roughness - 200 ^ 
Break - Normal 
Ave. Load - 3730 lbs. 
Stress - 52.750 p.s.i. 


300 


Failure 










TEST SPECIMEN 




LOAD MEASURING COUPON 




Fig. 3 

General View of Machine 




Fig. 4 



Hydraulic Section 



L.WiTGi-< 




Y 




t2^S77a/ 6^ A/^c/y/AAs 



i- 





7 

7^sT/A^(p Af/]c^/^y<f 







/7i?. ^ 



TYP/C/i^ 72fsr PS P/YMPD 



Sample Teat 

&« A»L« C> I «T • D&t e 

Oa^e Structures Laboratory 

Houghneas 



Beading IIo, 


Electric Load 


Cycles 


Height 

Inches 


Actual 
Load lbs. 


Tensile 
Load p.3 


1 


1000 


4 


0.27 






2 


2000 


4 


0.56 






3 


3000 


4 


0.81 






4 


4000 


4 


1.08 










Are, 


0.27 






5 




4 


0.70 


2690 


36600 


6 




4 


0.70 


2590 


36600 


7 




4 


0.70 


2590 


36600 


8 


2000 


4000 


0.60 






9 


3000 


4000 


0.91 






10 


4000 


4000 


1.19 










Are, 


0.30 






11 




4000 


0.78 


2600 


36800 


12 




4000 


0.78 


2600 


36800 


13 




4000 


0.78 


2600 


36800 


14 


1000 


8000 


0.20 






15 


2000 


8000 


0.40 






16 


3000 


8000 


0.61 










Ave. 


0.20 






17 




8000 


0.52 


2590 


36600 


18 




8000 


0.52 


3590 


36600 


19 




8000 


0.51 


2650 


36000 



Readizig No, 


KLectrlc Load 


Cycles 


Height 

Inches 


Actual 
Load lbs. 


Tensile 
Load p. 3, 


61 


2000 


76000 


0.44 






62 


3000 


76000 


0.67 






63 


4000 


76000 


0.80 










Are, 


0.22 






64 




76000 


0.57 


2690 


36600 


65 




76000 


0.57 


2590 


36600 


66 




76000 


0.57 


2590 


36600 


Failure 




77360 


Fillet 


Break 





Jig. 10 

l^rpical Data Sheat 
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1 * *■ 



i. 






I 



! 



10425 



Thesis 

H21 




r' 



Ha rdy 

Effect of surface 
roughness upon 25 ST 
aluminum alloy subjec- 
ted to repeated tensile 
stresses above the 
proportional limit. 




Thesis 10425 

H21 Hardy 

Effect of surface 
roughness upon 25 ST 
aluminum alloy subjec- 
ted to repeated tensile 
stresses above the 
proportional limit. 



thesH21 

The effect of surface roughness upon 25 




3 2768 002 08177 0 

DUDLEY KNOX LIBRARY 



